MICROCOMPUTER 



BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a microcomputer provided with a plurality of 
peripheral circuits. 

Description of the Prior Art 

[0002] A microcomputer is composed of a central processing unit (CPU) and various 
peripheral circuits such as data and program memories, I/O ports, and timer-counters. 
Microcomputers are classified into special-purpose and general-purpose models, of which 
special-purpose models are often called ASICs (application-specific integrated circuits). 

[0003] With a special -purpose microcomputer, its peripheral circuits are designed 
according to a specific application, and therefore efficient processing performance can be 
expected. On the other hand, its newly designed portion requires extra development time, 
which sometimes makes it impossible to develop such a microcomputer in time for the 
development of the device in which the microcomputer is to be incorporated when its 
development schedule is tight. 

[0004] A general-purpose microcomputer is designed to cope with a wide range of 
applications, and is therefore provided with various functions. However, those functions and 
their performance do not always satisfy the specifications required in a specific application. 
Therefore, it is necessary, first of all, to select a model that satisfies the desired specifications. 
However, it is difficult to judge whether a given model is provided with functions that satisfy 



the desired specifications or not, and improper selection of a model might invite, in the 
middle of the designing of a program, change of the model of the microcomputer to be used 
or alterations to the specifications of the application. In either way, improper selection of a 
model of a microcomputer leads to a delay in the development of an application. 

[0005] A general-purpose microcomputer is so devised as to achieve intelligent functions 
through interlocked operation of a plurality of peripheral circuits. For example, there is 
known a function called "input capture," which is realized through interlocked operation of a 
timer-counter and an I/O port. 

[0006] This function permits the count value of a timer to be stored in a special-purpose 
register every time a rising or trailing edge is detected in an external input signal. Thus, this 
function is useful in measuring the period for which an external input signal remains at a high 
or low level. 

[0007] Now, how the periods of an external input signal are measured will be described 
with reference to Fig. 21, taking up as an example a case in which a timer is operating on a 
system clock having a frequency of 4 [MHz] and, as an external input signal, a pulse is fed in 
that remains for 1.5 [^is] at a high level and for 0.5 [|is] at a low level. Every time the 
external input signal EXTIN rises or falls, the count value T of the timer is stored in a 
special-purpose register R, then the count value T is reset, and then the timer start counting 
again. 

[0008] Moreover, every time the external input signal EXT IN rises or falls, an interrupt 
request occurs. In the software procedure, of which a flow chart is shown in Fig. 22, 
executed when an interrupt request has occurred due to the external input signal EXTIN, 



first, whether the cause for the interrupt request is a rising edge in the external input signal 
EXTJN or not is checked (S801). 

[0009] If the cause is a rising edge in the external input signal EXTJN ("Yes" in S801), 
the value in the register R is saved as the period (hereinafter the "low period") for which the 
external input signal EXTJN remains at a low level (S802). If not ("No" in S801), the 
value in the register R is saved as the period (hereinafter the "high period") for which the 
external input signal EXT IN remains at a high level (S803). 

[0010] Here, the count value of the timer is written repeatedly to the same register, and 
therefore it is necessary, before the register is overwritten with a new value, to save the value 
in the register. In the example under discussion, only 0.5 [|is] is available for the saving of 
the high period of the external input signal. This corresponds to two states in a CPU that 
operates on a system clock having a frequency of 4 [MHz], and, within two states, it can be 
impossible to jump to the address of and complete the execution of the software interrupt 
procedure. 

[0011] In this case, to make the measurement possible, it is necessary to use two input 
capture functions. Specifically, the signal to be measured are input to two I/O ports each 
having an input capture functions, and two timers are used to measure two separate times. 
This will be described with reference to Fig. 23. 

[0012] On every rising or trailing edge in the external input signal EXT INl fed to it, one 
input capture function stores the count value Tl of one timer in a register Rl, then the count 
value Tl is reset, and then the timer start counting again. On every trailing edge in the 
external input signal EXTJN2 fed to it, the other input capture function stores the count 



value T2 of the other timer in a register R2, then the count value T2 is reset, and then the 
timer start counting again. 

[0013] Moreover, on every rising or trailing edge in the external input signal EXTJNl 
and on every trailing edge in the external input signal EXT_IN2, an interrupt request occurs. 
Flow charts of the software procedure executed on occurrence of an interrupt request is shown 
in Figs. 24 and 25. 

[0014] When an interrupt request has occurred due to the external input signal EXTJNl, 
if the cause of the interrupt request is a rising edge in the external input signal EXT_IN1 
("Yes" in S901), the value in the corresponding register Rl is saved as the low period (S902). 
On the other hand, when an interrupt request has occurred due to the external input signal 
EXTJN2, the value calculated by subtracting the low period saved in the register Rl from the 
value in the corresponding register R2 is saved as the high period (SI 001). 

[0015] However, in this method, an extra I/O port needs to be used in addition to an extra 
timer. Moreover, in a special-purpose microcomputer, a signal from a single terminal can be 
fed to different circuit blocks. More important, it takes long for a programmer to hit upon 
this method. 

[0016] Even if a programmer hits upon this method, an extra I/O port having an input 
capture function needs to be free. In the course of the development of a device in which a 
microcomputer is to be incorporated, when the development of a program for the 
microcomputer is underway, the design of the circuitry including the microcomputer has, in 
most cases, already been determined. 



[0017] For these reasons, if an alteration becomes necessary in the allocation for use of 
I/O ports having special functions in the middle of the designing of the program for the 
microcomputer, it may affect the development schedule of the device as a whole. Moreover, 
it is questionable whether one can foresee, at the stage of the selection of the model of the 
microcomputer, that the measurement of a single signal will require as many as two I/O ports 
having such special functions. 

[0018] In this way, in a case where a general-purpose microcomputer is incorporated in a 
device including specialized operation, unexpected problems are likely to arise, which often 
leads to a delay in the development of the device as a whole. 

[0019] In a situation where sufficient time for the development of a special-purpose 
microcomputer is not available, and in addition it is difficult to judge whether the peripheral 
circuit functions of a general-purpose microcomputer satisfy the specifications of the device 
as an end product or not, it is possible, as disclosed in Japanese Patent Application Laid-Open 
No. H5-127913, to develop simultaneously the desired peripheral circuit functions and the 
desired program by the use of a programmable gate array. 

[0020] However, precisely because of the principles on which a programmable gate array 
is based, using one to realize peripheral circuit functions results in a larger circuit area than 
otherwise. Moreover, necessary peripheral circuit functions are unknown beforehand, and 
therefore it is necessary to secure an extra number of gates. This leads to a higher cost than 
a special-purpose microcomputer. Furthermore, the manufacture of a programmable gate 
array requires a special process, and therefore forming it together with other devices on a 
single chip requires special techniques. Thus, no such process has come into practical use to 
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date with microcomputers for incorporation in devices. 

[0021] As described above, a special-purpose microcomputer requires long development 
time. On the other hand, with a general-purpose microcomputer, it is difficult to judge 
whether it is provided with peripheral circuit functions that satisfy the specifications of the 
device in which it is to be incorporated. Thus, if it is found, in the middle of the 
development of the program, that the general-purpose microcomputer does not satisfy the 
specifications of the device, it is inevitable to change the model of the general-purpose 
microcomputer or alter the specifications of the device. 

[0022] Even if a programmer hits upon a method of satisfying the specifications required 
by the device by the use of the limited peripheral circuit functions of the general-purpose 
microcomputer, it cannot always be realized by programming alone and may need alterations 
in the circuitry of the device as a whole. Moreover, it takes long for the programmer to hit 
upon such a special solution. In either way, a delay is risked in the development schedule of 
the device as a whole. 

[0023] Moreover, in the designing of the device, from the viewpoint of its manufacturing 
cost, the choice of the model of the general-purpose microcomputer is in most cases limited. 
Nevertheless, in a case where a model that satisfies the specifications required by the device is 
available only in a higher price range, there is no choice but to use that model. This leads to 
a higher cost. 

SUMMARY OF THE INVENTION 
[0024] An object of the present invention is to provide a microcomputer having intelligent 
peripheral circuit functions, such as are associated rather with a special-purpose 



microcomputer than with a general-purpose microcomputer, without using special 
manufacturing techniques or processes or spending a long time as in the development of a 
special-purpose microcomputer. 

[0025] To achieve the above object, according to the present invention, a microcomputer 
including a plurality of peripheral circuits is provided with a connecting circuit that permits 
the interconnection among those peripheral circuits to be controlled through execution of a 
program. 

[0026] In this configuration, by interconnecting the individual, basic peripheral circuits 
with the connecting circuit through execution of a program, it is possible to realize intelligent 
functions such as are not realized by those individual, basic peripheral circuits on their own. 
This makes it possible to avoid inviting a higher cost by having to select a model having an 
excess of functions as in a case where a general-purpose microcomputer is used. Moreover, 
as long as basic peripheral circuits that are expected to be necessary are incorporated in a 
microcomputer, there is no need to design the peripheral circuits in detail. This helps 
shorten the development time of the device as a whole in which the microcomputer is to be 
incorporated. Furthermore, whereas, in a microcomputer provided with specialized 
peripheral circuits, the development of a software program requires a bread board, a 
microcomputer according to the present invention permits its peripheral circuits to be 
determined at the time of the debugging of the software program. This also contributes to 
the shortening of the development time. 

[0027] In short, with a microcomputer according to the present invention, it is possible to 
realize intelligent peripheral circuit functions, such as are associated rather with a special- 



purpose microcomputer than with a general-purpose microcomputer, without using special 
manufacturing techniques or processes or spending a long time as in the development of a 
special-purpose microcomputer. Moreover, it is possible to alter the peripheral circuits at 
the time of the designing of the software program so that they offer higher efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] This and other objects and features of the present invention will become clear from 
the following description, taken in conjunction with the preferred embodiments with reference 
to the accompanying drawings in which: 

Fig. 1 is a block diagram of a microcomputer embodying the present invention; 

Fig. 2 is a diagram showing the down counter constituting the first timer; 

Fig. 3 is a diagram showing the down counter constituting the second timer; 

Fig. 4 is a diagram showing the configuration of the logic circuit; 

Fig. 5 is a diagram showing the latch circuit constituting the input register; 

Fig. 6 is a diagram showing the latch circuit constituting the output register; 

Fig. 7 is a diagram showing part of the selectors constituting the connecting circuit; 

Fig. 8 is a diagram showing the other selectors constituting the connecting circuit; 

Fig. 9 is a diagram showing the relationship between the states of the signals fed to the 
terminals of the selectors shown in Fig. 7 and the selected terminals; 

Fig. 10 is a flow chart of an example of a program for building peripheral circuits 
having predetermined functions; 

Fig. 1 1 is a diagram showing the configuration of the peripheral circuits build through 
execution of the program shown in Fig. 10. 

Fig. 12 is a flow chart of an example of the program for controlling the peripheral 



circuits configured as shown in Fig. 1 1 ; 

Fig. 13 is a flow chart of another example of the program for controlling the peripheral 
circuits configured as shown in Fig. 1 1 ; 

Fig. 14 is a diagram illustrating the operation of the peripheral circuits configured as 
shown in Fig. 1 1 ; 

Fig. 15 is a flow chart of another example of a program for building peripheral circuits 
having predetermined functions; 

Fig. 16 is a diagram showing the configuration of the peripheral circuits build through 
execution of the program shown in Fig. 15. 

Fig. 17 is a flow chart of an example of the program for controlling the peripheral 
circuits configured as shown in Fig. 16; 

Fig. 18 is a flow chart of another example of the program for controlling the peripheral 
circuits configured as shown in Fig. 16; 

Fig. 19 is a flow chart of still another example of the program for controlling the 
peripheral circuits configured as shown in Fig. 16; 

Fig. 20 is a diagram illustrating the operation of the peripheral circuits configured as 
shown in Fig. 16; 

Fig. 21 is a diagram illustrating an example of the operation for measuring the high 
and low periods of an external input signal according to prior art; 

Fig. 22 is a flow chart of an example of the program required by the operation shown 
in Fig. 21; 

Fig. 23 is a diagram illustrating another example of the operation for measuring the 
high and low periods of an external input signal according to prior art; 

Fig. 24 is a flow chart of an example of the program required by the operation shown 



in Fig. 23; and 

Fig. 25 is a flow chart of another example of the program required by the operation 
shown in Fig. 23; 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0029] Hereinafter, an embodiment of the present invention will be described with 
reference to the drawings. Fig. 1 is a block diagram of a microcomputer embodying the 
invention. In this figure, reference numeral 1 represents a CPU, reference numeral 2 
represents an input register, reference numeral 3 represents an output register, reference 
numeral 4 represents a connecting circuit, reference numeral 5 represents a first timer, 
reference numeral 6 represents a second timer, reference numeral 7 represents a logic circuit, 
and reference numeral 8 represents a data bus. 

[0030] As Figs. 2 and 3 show, the first and second timers 5 and 6, which art peripheral 
circuits, are each composed of a down counter. The down counter operates in the following 
manner. 

[0031] The count value is decremented by one at a time in synchronism with a clock 
signal (not shown). Counting is started on the rising edge of the input to the terminal 
"Start," and is stopped on the rising edge of the input to the terminal "Stop." From the 
terminals OUT0 to OUT7 are output 8-bit signals representing the current count value. 
When an overflow occurs in the count value (i.e. when the count value becomes equal to 
00(Hex)), the output from the terminal "Overflow" turns to a high level. In the present 
specification, (Hex) denotes a hexadecimal number. 
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[0032] On a rising edge in the input to the terminal "Reset," resetting is performed. 
Specifically, the count value is set to be equal to the value represented by the 8-bit signals 
input to the terminals INO to IN7, and the output from the terminal "Overflow" is turned to a 
low level. Moreover, as long as the input to the terminal "Reset" remains at a high level, the 
input to the terminal "Start" is ignored (i.e. even when a rising edge appears in the input to the 
terminal "Start," counting is not started). 

[0033] In this embodiment are provided a circuit that issues an interrupt request when an 
overflow occurs in the first timer 5 and a circuit that issues an interrupt request when an 
overflow occurs in the second timer 6. 

[0034] As Fig. 4 shows, the logic circuit 7, which is one of the basic components of 
peripheral circuits, is composed of a three-input OR gate 701, a flip-flop 702, an inverter 703, 
an AND gate 704, an AND gate 705, an OR gate 706, and an inverter 707. 

[0035] The OR gate 701 receives input signals INI, IN2, and IN3. The flip-flop 702 
receives, at its data terminal D, the signal output from its own inverting terminal Q\ receives, 
at its clock terminal CK, the signal output from the OR gate 701, and receives, at its reset 
terminal R, an input signal D RESET. The inverter 703 receives an input signal TRG. 

[0036] The AND gate 704 receives the signal output from the OR gate 701 and the signal 
output from the inverter 703. The AND gate 705 receives the input signal TRG and the 
signal output from the inverting terminal Q' of the flip-flop 702. 

[0037] The OR gate 706 receives the signal output from the AND gate 704 and the signal 
output from the AND gate 705. The signal output from the OR gate 706 is output as an 



output signal OUT1, and is also output through the inverter 707 as an output signal OUT2. 

[0038] In the logic circuit 7 configured as described above, when the input signal TRG is 
at a low level, the output signals OUT1 and OUT2 reflect the signal output from the OR gate 
701. Specifically, if any of the input signals INI, IN2, and IN3 is at a high level, the output 
signal OUT1 is at a high level, and the output signal OUT2 is at a low level; if all of the input 
signals INI, IN2, and IN3 are at a high level, the output signal OUT1 is at a low level, and the 
output signal OUT2 is at a high level. 

[0039] By contrast, when the input signal TRG is at a high level, if the input signal 
DRESET is at a high level, the output signal OUT1 is at a high level, and the output signal 
OUT2 is at a low level; if the input signal D RESET is at a low level, the output signals 
OUT1 and OUT2 are inverted every time any of the input signals INI, IN2, and IN3 turns to a 
high level from a state in which all of them are at a low level. 

[0040] As Fig. 5 shows, the input register 2, which is a peripheral circuit, is composed of 
a 32-bit latch circuit. The input register 2 reads the values of the 32-bit signals INREG0 to 
INREG3 1 input to its terminals DO to D3 1 in synchronism with the clock signal (not shown), 
and outputs the most recently read values of those signals INREGO to INREG3 1 from its 
output terminals O0 to 03 1 to the data bus 8 when the signal CPU RD that is output from an 
address decoder when the CPU 1 is going to read from a predetermined particular address is 
at a high level. Specifically, when the signal CPLMRD is at a high level, the values of the 
32-bit signals CPU_BUS0 to CPU_BUS31 on the data bus 8 become equal to the values of 
the signals INREGO to INREG3 1 most recently read by the input register 2. 

[0041] The input register 2 is assigned an address FOOOOOOO(Hex) as a memory region of 
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the CPU 1 . When the CPU 1 makes read access to this assigned address in a program, the 
signal CPU_RD turns to a high level. 

[0042] As Fig. 6 shows, the output register 3, which is a peripheral circuit, is composed of 
a 32-bit latch circuit. When the signal CPU_WR that is output from the address decoder 
when the CPU 1 is going to write to a predetermined particular address is at a high level, the 
output register 3 reads the values of the 32-bit signals CPU_BUS0 to CPU_BUS31 on the 
data bus 8 via its terminals DO to D31 in synchronism with the clock signal (not shown), and 
outputs the most recently read values thereof from its output terminals O0 to 031. The 32- 
bit signals OUTREG0 to OUTREG31 output from the terminals O0 to 031 of the output 
register 3 are input to the connecting circuit 4. 

[0043] The output register 3 is assigned an address F0000004(Hex) as a memory region 
of the CPU 1. When the CPU 1 makes write access to this assigned address in a program, 
the signal CPUJWR turns to a high level. When the signal CPU_WR is at a low level, the 
signals OUTREG0 to OUTREG3 1 output from the terminals O0 to 031 of the output register 
3 are kept unchanged. 

[0044] The connecting circuit 4 is composed of selectors 401 to 412, shown in Fig. 7, and 
selectors 413 to 416, shown in Fig. 8. In each of the selectors 401 to 412, according to the 
states of the signals input to terminals SO, SI, and S2, one of terminals DO, Dl, D2* D3, D4, 
and D5 is selected, and the signal input to the selected terminal is output from a terminal OUT. 
Fig. 9 shows the relationship between the states of the signals input to the terminals SO, SI, 
and S2 and the selected terminal. In this figure, "1" represents a high level, and "0" 
represents a low level. 
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[0045] However, if the signal input to the terminal CS is at a low level, even when the 
states of the signals input to the terminals SO, SI, and S2 change, the selection from among 
the terminals DO, Dl, D2, D3, D4, and D5 is kept unchanged. In other words, the signal 
output from the terminal OUT is kept unchanged. 

[0046] Each of the selectors 401 to 412 receives, at its terminals DO, Dl, D2, D3, and D5 
respectively, the signal OVERFLOW 1 output from the terminal "Overflow" of the first timer 
5, the signal OVERFLOW2 output from the terminal "Overflow" of the second timer 6, the 
output signals OUT1 and OUT2 of the logic circuit 7, and an interrupt-causing external input 
signal EXT_IN/INT that is fed in from outside the microcomputer. Here, an interrupt- 
causing external input signal denotes a signal of which rising and trailing edges cause 
interrupt requests in the circuit to which it is fed. 

[0047] The selectors 401, 402, . . . , and 412 respectively receive, at their terminals D4, 
the signal OUTREG16 output from the terminal 016 of the output register 3, the signal 
OUTREG17 output from the terminal 017 thereof, . . . , and the signal OUTREG27 output 
from the terminal 027 thereof. 

[0048] The selector 401 receives, at its terminals SO, SI, and S2 respectively, the signals 
CPU_BUS0, CPU_BUS1, and CPU_BUS2 on the data bus 8. The selector 402 receives, at 
its terminals SO, SI, and S2 respectively, the signals CPU_BUS3, CPU_BUS4, and 
CPU_BUS5 on the data bus 8. 

[0049] The selector 403 receives, at its terminals SO, SI, and S2 respectively, the signals 
CPUBUS6, CPU_BUS7, and CPU_BUS8 on the data bus 8. The selector 404 receives, at 
its terminals SO, SI, and S2 respectively, the signals CPU_BUS9, CPU_BUS10, and 
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CPU_BUS1 1 on the data bus 8. 



[0050] The selector 405 receives, at its terminals SO, SI, and S2 respectively, the signals 
CPU_BUS 1 2, CPU_BUS 1 3, and CPU.BUS 14 on the data bus 8. The selector 406 receives, 
at its terminals SO, SI, and S2 respectively, the signals CPU_BUS15, CPU_BUS16, and 
CPUJBUS17 on the data bus 8. 

[0051] The selector 407 receives, at its terminals SO, SI, and S2 respectively, the signals 
CPU_BUS 1 8, CPU.BUS 1 9, and CPU_BUS20 on the data bus 8. The selector 408 receives, 
at its terminals SO, SI, and S2 respectively, the signals CPU_BUS21, CPU_BUS22, and 
CPU_BUS23 on the data bus 8. 

[0052] The selector 409 receives, at its terminals SO, SI, and S2 respectively, the signals 
CPU_BUS24, CPU.BUS25, and CPU_BUS26 on the data bus 8. The selector 4 1 0 receives, 
at its terminals SO, SI, and S2 respectively, the signals CPU_BUS27, CPU_BUS28, and 
CPU_BUS29 on the data bus 8. 

[0053] The selector 41 1 receives, at its terminals SO, SI, and S2 respectively, the signals 
CPU_BUS0, CPU.BUS1, and CPU_BUS2 on the data bus 8. The selector 412 receives, at 
its terminals SO, SI, and S2 respectively, the signals CPU_BUS3, CPU_BUS4, and 
CPU_BUS5 on the data bus 8. 

[0054] The selectors 40 1 to 4 1 0 all receive, at their terminals CS, the signal CPU_WR_S 1 
output from the address decoder of the CPU 1. The selectors 41 1 and 412 both receive, at 
their terminals CS, the signal CPU_WR_S2 output from the address decoder of the CPU 1. 
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[0055] The selectors 401 to 410 are assigned an address F0000008(Hex) as a memory 
region of the CPU 1 . When the CPU 1 makes write access to this assigned address in a 
program, the signal CPU_WR_S1 turns to a high level. 

[0056] The selectors 411 and 412 are assigned an address F000000C(Hex) as a memory 
region of the CPU 1. When the CPU 1 makes write access to this assigned address in a 
program, the signal CPU_WR_S2 turns to a high level. 

[0057] The signal output from the terminal OUT of the selector 401 is used as a signal 
START 1 that is input to the terminal "Start" of the first timer 5. The signal output from the 
terminal OUT of the selector 402 is used as a signal RESET 1 that is input to the terminal 
"Reset" of the first timer 5. The signal output from the terminal OUT of the selector 403 is 
used as a signal STOP1 that is input to the terminal "Stop" of the first timer 5. 

[0058] The signal output from the terminal OUT of the selector 404 is used as a signal 
START2 that is input to the terminal "Start" of the second timer 6. The signal output from 
the terminal OUT of the selector 405 is used as a signal RESET2 that is input to the terminal 
"Reset" of the second timer 6. The signal output from the terminal OUT of the selector 406 
is used as a signal STOP2 that is input to the terminal "Stop" of the second timer 6. 

[0059] The signals output from the terminals OUT of the selectors 407, 408, 409, 410, 
and 41 1 are used respectively as the input signals INI, IN2, IN3, TRG, and D RESET to the 
logic circuit 7. The signal output from the terminal OUT of the selector 412 is used as a 
signal EXTOUT that is fed out of the microcomputer. 

[0060] Each of the selectors 413 to 416 chooses, according to the state of the signal input 
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to its terminal SO, between the combination of its terminals D1_0, Dl_l, . . . , and Dl_7 and 
the combination of its terminals D2_0, D2_l, . . . , and D2_7, and outputs the 8-bit signals 
input to the chosen combination of the terminals from its output terminals OO to 07. 

[0061] Specifically, when the signal fed to the terminal SO is at a low level, the 
combination of the terminals D1_0, Dl_l, . . . , and Dl_7 is chosen, and, when the signal fed 
to the terminal SO is at a high level, the combination of its terminals D2_0, D2_l, . . . , and 
D2 7 is chosen. If the signal input to the terminal CS is at a low level, even when the state 
of the signal input to the terminal SO changes, the choice between the two combination of the 
terminals is kept unchanged. In other words, the signals output from the terminals OO to 07 
are kept unchanged. 

[0062] The selectors 413 and 414 receive, at their terminals D10, Dl_l, . . . , Dl_7, 
D2_0, D2_l, . . . , and D2_7, respectively, the lower 16-bit signals OUTREG0, 
OUTREG1, . . . , OUTREG7, OUTREG8, OUTREG9, . . . , and OUTREG15 output from the 
output register 3. 

[0063] The selectors 415 and 416 each receive, at their terminals D1_0 to Dl_7 
respectively, the 8-bit signals DOUT10 to DOUT17 output from the output terminals 
OUT0 to OUT7 of the first timer 5 and, at their terminals D2_0 to D2_7 respectively, the 8- 
bit signals DOUT2_0 to DOUT2_7 output from the output terminals OUT0 to OUT7 of the 
second timer 6. 

[0064] The selectors 4 1 3, 4 1 4, 4 1 5, and 4 1 6 respectively receive, at their terminals SO, the 
signals CPU_BUS0, CPU_BUS1, CPU_BUS2, and CPU_BUS3 on the data bus 8. 
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[0065] The selectors 413 to 416 all receive, at their terminals CS, a signal CPU_WR_S3 
output from the address decoder of the CPU 1. The selectors 413 to 416 are assigned an 
address FOOOOOlO(Hex) as a memory region of the CPU 1. When the CPU 1 makes write 
access to this assigned address in a program, the signal CPU_WR_S3 turns to a high level. 

[0066] The signals output from the terminals O0 to 07 of the selector 413 are used as 
signals DIN1_0 to DIN1_7 that are input to the terminals INO to IN7 of the first timer 5. 
The signals output from the terminals 00 to 07 of the selector 414 are used as signals 
DIN2J) to DIN2_7 that are input to the terminals INO to IN7 of the second timer 6. 

[0067] The signals output from the terminals O0 to 07 of the selector 415 are used as 
signals INREG0 to INREG7 that are input to the terminals DO to D7 of the input register 2. 
The signals output from the terminals O0 to 07 of the selector 416 are used as signals 
INREG8 to INREG15 that are input to the terminals D8 to D15 of the input register 2. 

[0068] A program uses 32-bit registers RegO to Reg31 (not shown) to achieve input from 
and output to the data bus 8. Specifically, the signal CPU BUS0 on the data bus 8 turns to a 
high level when the bit in the register RegO is turned to "1," and turns to a low level when the 
register RegO is turned to "0." The value in the register RegO is "1" if evaluated when the 
signal CPU_BUS0 on the data bus 8 is at a high level, and is "0" if evaluated when the signal 
CPU BUS0 on the data bus 8 is at a low level. The same relationship applies between the 
register Regl and the signal CPU_BUS1 on the data bus 8, between the register Reg2 and the 
signal CPU_BUS2 on the data bus 8, . . . , and between the register Reg31 and the signal 
CPU_BUS3 1 on the data bus 8. 

[0069] Fig. 10 shows a flow chart of an example of the program for building peripheral 
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circuits having predetermined functions. First, the registers RegO to Reg29 are set as 
follows: RegO = 1, Regl = 1, Reg2 = 0, Reg3 = 0, Reg4 = 0, Reg5 = 1, Reg6 = 0, Reg7 = 1, 
Reg8 = 0, Reg9 = 0, ReglO = 1, Regl 1 = 0, Regl2 = 0, Regl3 = 0, Regl4 = 1, Regl5 = 1, 
Regl6 = 1, Regl7 = 0, Regl8 = 1, Regl9 = 0, Reg20 = 1, Reg21 = 0, Reg22 = 0, Reg23 = 1, 
Reg24 = 0, Reg25 = 0, Reg26 = 1, Reg27 = 0, Reg28 = 0, and Reg29 = 1 (SI 01). 

[0070] Next, the address to which to make access is set in the selectors 401 to 410 of the 
connecting circuit 4. Specifically, write access is made to the address F0000008(Hex) 
(SI 02). This turns the signal CPU_WR_S1 input to the terminals CS of the selectors 401 to 
410 to a high level, and thus switches the signals selected by the selectors 401 to 410. 

[0071] Next, the registers RegO to Reg2 are set as follows: RegO = 0, Regl = 0, and Reg2 
= 1 (SI 03). Next, the address to which to make access is set in the selector 411 of the 
connecting circuit 4. Specifically, write access is made to the address F000000C(Hex) 
(S104). This turns the signal CPU_WR_S2 input to the terminal CS of the selector 41 1 to a 
high level, and thus switches the signals selected by the selector 411. 

[0072] As a result of the operations performed in S 101 to S 104, now the output signal 
OUT2 from the inverter 707 of the logic circuit 7, the output signal OUTREG17 from the 
terminal Ol 7 of the output register 3, and the output signal OUT1 from the OR gate 706 of 
the logic circuit 7 are used respectively as the input signal START 1 to the terminal "Start" of 
the first timer 5, the input signal RESET 1 to the terminal "Reset," and the input signal STOP1 
to the terminal "Stop." 

[0073] Moreover, the output signal OUT1 from the OR gate 706 of the logic circuit 7, the 
output signal OUTREG20 from the terminal O20 of the output register 3, and the output 
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signal OUT2 from the inverter 707 of the logic circuit 7 are used respectively as the input 
signal START2 to the terminal "Start" of the second timer 6, the input signal RESET2 to the 
terminal "Reset," and the input signal STOP2 to the terminal "Stop." 

[0074] Moreover, the external input signal EXT_IN/INT, the output signal OUTREG23 
from the terminal 023 of the output register 3, and the output signal OUTREG24 from the 
terminal 024, the output signal OUTREG25 from the terminal 025, and the output signal 
OUTREG26 from the terminal 026 are used respectively as the input signals INI, IN2, and 
IN3 to the OR gate 701 of the logic circuit 7, the input signal TRG to the inverter 703 and the 
AND gate 705, and the input signal DRESET to the terminal R of the flip-flop 702. 

[0075] Next, the registers RegO to Reg3 are set as follows: RegO = 0, Regl = 1, Reg2 = 0, 
and Reg3 = 1 (SI 05). Next, the address to which to make access is set in the selectors 413 to 
416 of the connecting circuit 4. Specifically, write access is made to the address 
F0000010(Hex) (S 1 06). This turns the signal CPU_WR_S3 input to the terminals CS of the 
selectors 413 to 416 to a high level, and thus switches the signals selected by the selectors 413 
to 416. 

[0076] As a result of the operations performed in SI 05 and SI 06, now the output signals 
OUTREG0 to OUTREG7 from the terminals O0 to 07 of the output register 3 are used as the 
input signals DIN1_0 to DIN1_7 to the terminals IN0 to IN7 of the first timer 5, the output 
signals OUTREG8 to OUTREG15 from the terminals 08 to 015 of the output register 3 are 
used as the input signals DIN2_0 to DIN2 7 to the terminals IN0 to IN7 of the second timer 6, 
the output signals DOUTl_l to DOUTl_7 from the terminals OUT0 to OUT7 of the first 
timer 5 are used as the input signals INREG0 to INREG7 to the terminals DO to D7 of the 
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input register 2, and the output signals DOUT2_l to DOUT2_7 from the terminals OUTO to 
OUT7 of the second timer 6 are used as the input signals INREG8 to INREG15 to the 
terminals D8 to D15 of the input register 2. Thus, peripheral circuits as shown in Fig 1 1 are 
built. 

[0077] Next, the values of the registers RegO to Reg7 are all set at "1," the values of the 
registers Reg8 to Reg 15 are all set at "1," the value of the register Reg 17 is set at "1," the 
value of the register Reg20 is set at "1," the value of the register R23 is set at "0," the value of 
the register R24 is set at "0," the value of the register R25 is set at "0," and the value of the 
register R26 is set at "1" (SI 07). 

[0078] Next the address to which to make access is set in the output register 3. 
Specifically, write access is made to the address F0000004(Hex) (SI 08). This turns the 
input signal CPU_WR to the output register 3 to a high level, and thus makes the output 
register 3 read the signals on the data bus 8. 

[0079] As a result of the operations performed in SI 07 and SI 08, now, in the first and 
second timers 5 and 6, the inputs to the terminals IN0 to IN7 are all at a high level, the input 
to the terminal "Reset" is at a high level. Moreover, in the logic circuit 7, the two inputs to 
the OR gate 701 other than the external input signal EXT_IN are at a low level, the input to 
the terminal R of the flip-flop 702 is at a high level, and the input to the inverter 703 and one 
of the inputs to the AND gate 705 are at a high level. 

[0080] Thus, every time the external input signal EXT_IN/INT rises, the input to the 
terminal "Start" of the first timer 5 and the input to the terminal "Stop" of the second timer 6 
rise. Moreover, every time the external input signal EXT_IN/INT falls, the input to the 
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terminal "Stop" of the first timer 5 and the input to the terminal "Start" of the second timer 6 
rise. 

[0081] However, now, since the input to the terminal "Reset" of the first timer 5 and the 
input to the terminal "Reset" of the second timer 6 are at a high level, the first and second 
timers 5 and 6 are in a reset state, and thus do not perform counting. 

[0082] Fig. 12 shows a flow chart of an example of the program for starting the 
measurement of the high and low periods of the external input signal EXTIN/INT. First, 
the value in the register Reg 17 is set at "0," the value in the register Reg20 is set at "0," the 
value in the register Reg23 is set at "0," the value in the register Reg24 is set at "0," the value 
in the register Reg25 is set at "0," and the value in the register Reg26 is set at "1" (S201). 
Next, the address to which to make access is set in the output register 3. Specifically, write 
access is made to the address F0000004(Hex) (S202). 

[0083] As a result of these operations, now, in the logic circuit 7, the two inputs to the OR 
gate 701 other than the external input signal EXTIN are at a low level, the input to the 
terminal R of the flip-flop 702 is at a high level, and the input to the inverter 703 and one of 
the inputs to the AND gate 705 are at a high level. Moreover, the input to the terminals 
"Reset" of the first and second timers 5 and 6 are at a low level, and thus the first and second 
timers 5 and 6 recovers from the reset state. 

[0084] Thus, the first timer 5 is brought into a state in which it starts counting with a 
count value FF(Hex) on a trailing edge in the external input signal EXTIN/INT and stops 
counting on a rising edge in the external input signal EXT_IN/INT. On the other hand, the 
second timer 6 is brought into a state in which it starts counting with a count value FF(Hex) 

-22- 



# 

on a rising edge in the external input signal EXT_IN/INT and stops counting on a trailing 
edge in the external input signal EXTJN/INT. 

[0085] Fig. 13 shows a flow chart of an example of the program executed when an 
interrupt request occurs on a rising or trailing edge in the external input signal EXTJN/INT 
after the measurement of the high and low periods of the external input signal EXT IN/INT 
has been started. First, the address to which to make access is set in the input register 2. 
Specifically, read access is made to the address F0000000(Hex) (S301). Next, whether the 
cause of the interrupt request is a rising edge of the external input signal EXT_IN/INT or not 
is checked (S302). 

[0086] If, in step S302, a rising edge is recognized ("Yes" in S302), the values in the 
registers RegO to Reg7 are saved in a RAM or the like used when a software procedure is 
executed (S303). Next, the values in the registers RegO to Reg7 are all set at "1," the value 
in the register Reg 17 is set at "1," the value in the register Reg20 is set at "0," the value in the 
register Reg23 is set at "0," the value in the register Reg24 is set at "0," the value in the 
register Reg25 is set at "0," and the value in the register Reg26 is set at "1" (S304). 

[0087] Next, the address to which to make access is set in the output register 3. 
Specifically, write access is made to the address F0000004(Hex) (S305). Next, the value in 
the register Reg 17 is set at "0" (S306). Next, the address to which to make access is set in 
the output register 3 (S3 11). 

[0088] By contrast, if, in S302, a rising edge is not recognized ("No" in S302), the values 
in the registers Rge8 to Reg 15 are saved in a RAM or the like used when a software 
procedure is executed (S307). Next, the values in the registers Reg8 to Reg 15 are all set at 
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"1," the value in the register Regl7 is set at "0," the value in the register Reg20 is set at "1," 
the value in the register Reg23 is set at "0," the value in the register Reg24 is set at "0," the 
value in the register Reg25 is set at "0," and the value in the register Reg26 is set at "1" 
(S308). 

[0089] Next, the address to which to make access is set in the output register 3. 
Specifically, write access is made to the address F0000004(Hex) (S309). Next, the value in 
the register Reg20 is set at "0" (S3 10). Next, the address to which to make access is set in 
the output register 3 (S31 1). 

[0090] As the programs described above are executed, the count value Tl of the first 
timer 5, the count value T2 of the second timer 6, and the values in the registers RegO to Reg7 
and in the registers Reg8 to Reg 15 vary as shown in Fig. 14 according to the external input 
signal EXTIN/INT. Here, it is assumed that the low period of the external input signal 
EXTIN/INT is 0.5 [\xs], the high period thereof is 1.5 [|is], and the first and second timers 5 
and 6 operate on a clock signal having a frequency of 4 [MHz]. 

[0091] Specifically, when the external input signal EXT IN/INT rises, the count value Tl 
of the first timer 5 is stored in the registers RegO to Reg7, then the values in the registers RegO 
to Reg7 are saved, and then the first timer 5 is reset momentarily so that its count value Tl is 
set at FF(Hex). Here, on the rising edge of the external input signal EXT_IN/INT, the first 
timer 5 stops counting, and the second timer 6 starts counting with a count value FF(Hex). 

[0092] By contrast, when the external input signal EXTJN/INT falls, the count value T2 
of the second timer 6 is stored in the registers Reg8 to Regl5, then the values in the registers 
Reg8 to Regl5 are saved, and then the second timer 6 is reset momentarily so that its count 
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value T2 is set at FF(Hex). Here, on the trailing edge of the external input signal 
EXT_IN/INT, the second timer 6 stops counting, and the first timer 5 starts counting with a 
count value FF(Hex). 

[0093] In the operations described above, the values saved when the external input signal 
EXT IN/INT rises is the low period, and the values saved when external input signal 
EXTJN/INT falls is the high period. 

[0094] As described above, in the microcomputer of this embodiment, by interconnecting 
individual basic peripheral circuits (i.e. the first timer 5, the second timer 6, and the logic 
circuit 7) with the connecting circuit 4 through execution of a program, it is possible to realize 
a function of measuring the high and low periods of the external input signal EXT IN. 

[0095] Here, two timers are used to measure the high and low periods of the external 
input signal EXT IN, but these two timers are controlled by a single input port having an 
interrupt function. That is, there is no need to use a plurality of input ports for the 
measurement of a single signal. 

[0096] Moreover, as compared with the prior art described earlier with reference to Fig. 
21, there is a lower risk of a measurement result stored in the registers being destroyed by 
being overwritten with the next measurement result because of shortage of processing time, as 
far as similar microprocessor processing is concerned. As will be clear from these two 
points, it is possible to build peripheral circuits having intelligent functions without minimum 
redundancy comparable to the peripheral circuits of a microcomputer designed for a special 
purpose. 
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[0097] Fig. 15 shows a flow chart of another example of the program for building 
peripheral circuits having predetermined functions. First, the registers RegO to Reg29 are set 
as follows: RegO = 1, Regl = 1 , Reg2 = 0, Reg3 = 0, Reg4 = 0, Reg5 = 1 , Reg6 = 0, Reg7 = 0, 
Reg8 = 1, Reg9 = 0, ReglO = 0, Regll = 0, Regl2 = 0, Regl3 = 0, Regl4 = 1, Regl5 = 0, 
Regl6 = 0, Regl7 = 1, Regl8 = 0, Regl9 = 0, Reg20 = 0, Reg21 = 1, Reg22 = 0, Reg23 = 0, 
Reg24 = 0, Reg25 = 0, Reg26 = 1, Reg27 = 0, Reg28 = 0, and Reg29 = 1 (S401). 

[0098] Next, the address to which to make access is set in the selectors 401 to 410 of the 
connecting circuit 4. Specifically, write access is made to the address F0000008(Hex) 
(S402). This turns the signal CPU_WR_S1 input to the terminals CS of the selectors 401 to 
410 to a high level, and thus switches the signals selected by the selectors 401 to 410. 

[0099] Next, the registers RegO to Reg5 are set as follows: RegO = 0, Regl = 0, Reg2 = 1, 
Reg3 = 0, Reg4 = 1, and Reg5 = 0 (S403). Next, the address to which to make access is set 
in the selectors 41 1 and 412 of the connecting circuit 4. Specifically, write access is made to 
the address F000000C(Hex) (S404). This turns the signal CPU_WR_S2 input to the 
terminals CS of the selectors 411 and 412 to a high level, and thus switches the signals 
selected by the selectors 41 1 and 412. 

[0100] As a result of the operations performed in S401 to 404, now, the output signal 
OUT2 from the inverter 707 of the logic circuit 7 and the output signals OUTREG17 and 
OUTREG18 from the terminals 017 and Ol 8 of the output register 3 are used respectively as 
the input signal START 1 to the terminal "Start" of the first timer 5, the input signal RESET 1 
to the terminal "Reset," and the input signal STOP1 to the terminal "Stop." 

[0101] Moreover, the output signal OVERFLOWl from the terminal "Overflow" of the 



-26- 



first timer 5, the output signal OUTREG20 from the terminal O20 of the output register 3, and 
the output signal OUTREG21 from the terminal 021 are used respectively as the input signal 
START2 to the terminal "Start" of the second timer 6, the input signal RESET2 to the 
terminal "Reset," and the input signal STOP2 to the terminal "Stop." 

[0102] Moreover, the output signal OVERFLOW1 from the terminal "Overflow" of the 
first timer 5, the output signal OVERFLOW2 from the terminal "Overflow" of the second 
timer 6, the output signal OUTREG24 from the terminal 024 of the output register 3, the 
output signal OUTREG25 from the terminal 025, and the output signal OUTREG26 from the 
terminal 026 are used respectively as the input signals INI, IN2, and IN3 to the OR gate 701 
of the logic circuit 7, the input signal TRG to the inverter 703 and the AND gate 705, and the 
input signal DRESET to the terminal R of the flip-flop 702. Moreover, the output signal 
OUT1 from the OR gate 706 of the logic circuit 7 is used as the external output signal 
EXT_OUT. 

[0103] Next, the registers RegO and Regl are set as follows: RegO = 0 and Regl = 1 

(5405) . Next, the address to which to make access is set in the selectors 413 to 416 of the 
connecting circuit 4. Specifically, write access is made to the address F0000010(Hex) 

(5406) . This turns the signal CPU_WR_3 input to the terminals CS of the selectors 413 to 
416 to a high level, and thus switches the signals selected by the selectors 413 to 416. 

[0104] As a result of the operations performed in S405 and S406, now, the output signals 
OUTREG0 to OUTREG7 from the terminals O0 to 07 of the output register 3 are used as the 
input signals DIN1_0 to DIN 17 to the terminals IN0 to IN7 of the first timer 5 and the output 
signals OUTREG8 to OUTREG15 from the terminals 08 to Ol 5 of the output register 3 are 
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used as the input signal DIN2_0 to DIN2J7 to the terminal INO to IN7 of the second timer 6. 
Thus, peripheral circuits as shown in Fig 16 are built. 

[0105] Next, the values in the registers RegO to Reg7 are set at 06(Hex), the values in the 
registers Reg8 to Reg 15 are set at 02(Hex), the value in the register Reg 17 is set at "1," the 
value in register Reg 18 is set at "0," the value in register Reg20 is set at "1," the value in 
register Reg21 is set at "0," the value in register Reg24 is set at "0," the value in register 
Reg25 is set at "1," and the value in register Reg26 is set at "1" (S407). 

[0106] Next, the address to which to make access is set in the output register 3. 
Specifically, write access is made to the address F0000004(Hex) (S408). This turns the 
input signal CPU_WR to the output register 3 into a high level, and thus makes the output 
register 3 read the signals on the data bus 8. 

[0107] As a result of the operations performed in S407 to S408, with the first and second 
timers 5 and 6 receiving, at their terminals INO to IN7, values 06(Hex) and 02(Hex) 
respectively, the inputs to their terminals "Reset" turn to a high level. Moreover, now, in the 
logic circuit 7, the three inputs to the OR gate 701 are all at a low level, the input to the 
terminal R of the flip-flop 702 is at a high level, and the input to the inverter 703 and one of 
the inputs to the AND gate 705 are at a high level. Thus, the first and second timers 5 and 6 
are in a reset state, with their count values set at 06(Hex) and 02(Hex) respectively. 
Moreover, the external output signal EXTOUT is kept at a high level. 

[0108] Fig. 17 shows a flow chart of an example of the program for starting the output of 
pulses having predetermined high and low periods as the external output signal EXT_OUT. 
First, the value in the register Reg 17 is set at "0," the value in the register Reg 18 is set at "0," 
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the value in the register Reg20 is set at "0," the value in the register Reg21 is set at "0," the 
value in the register Reg24 is set at "1," the value in the register Reg25 is set at "1," and the 
value in the register Reg26 is set at "0" (S501). 

[0109] Next, the address to which to make access is set in the output register 3. 
Specifically, write access is made to the address F0000004(Hex) (S502). Next, the value in 
the register Reg24 is set at "0" (S503). Next, the address to which to make access is set in 
the output register 3 (S504). 

[0110] As a result of these operations, the inputs to the terminals "Reset" of the first and 
second timers 5 and 6 are inverted to a low level, and thus the first and second timers 5 and 6 
recover from the reset state. Moreover, in the logic circuit 7, one of the inputs to the OR 
gate 701 is inverted to a high level and then back to a low level, and in addition the input to 
the terminal R of the flip-flop 702 is inverted to a low level. Thus, the external output signal 
EXTOUT is inverted to a low level. In addition, the input to the "Start" of the first timer 5 
is inverted to a high level, and this makes the first timer 5 start counting with a count value 
06(Hex). 

[0111] Thereafter, when an overflow occurs in the count value of the first timer 5, the 
output from the terminal "Overflow" of the first timer 5 is inverted to a high level, and the 
input to the terminal "Start" of the second timer 6 and one of the inputs to the OR gate 701 of 
the logic circuit 7 are inverted to a high level. Thus, the second timer 6 starts counting with 
a count value 02(Hex). In addition, the external output signal EXT OUT is inverted to a 
high level and the input to the terminal "Start" of the first timer 5 is inverted to a low level. 

[0112] The overflow in the first timer 5 causes an interrupt request. On occurrence of 
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this interrupt request, a program as shown in a flow chart in Fig. 18 is executed. First, the 
values in the registers RegO to Reg7 are set at 04(Hex), the value in the register Reg 17 is set 
at "1," the value in the register Reg 18 is set at "0," the value in the register Reg20 is set at 
"0 the value in the register Reg21 is set at "0," the value in the register Reg24 is set at "0," 
the value in the register Reg25 is set at "1," the value in the register Reg26 is set at "0" (S601). 

[0113) Next, the address to which to make access is set in the output register 3. 
Specifically, write access is made to the address F0000004(Hex) (S602). Next, the value in 
the register Reg 17 is set at "0" (S603). Next, the address to which to make access is set in 
the output register 3 (S604). 

[0114] As a result of these operations, in the first timer 5, with the value input to the 
terminals IN0 to IN7 kept at 04(Hex), the input to the terminal "Reset" turns to a high level 
and then back to a low level. Thus, the first timer 5 is reset momentarily, so that its count 
value is set at 04(Hex). In addition, the output from the terminal "Overflow" of the first 
timer 5 is inverted to a low level, and this turns all the three inputs to the OR gate 701 of the 
logic circuit 7 to a low level. 

[0115] Thereafter, when an overflow occurs in the count value of the second timer 6, the 
output from the terminal "Overflow" of the second timer 6 is inverted to a high level, and one 
of the inputs to the OR gate 701 of the logic circuit 7 is inverted to a high level. As a result, 
the external output signal EXT OUT is inverted to a low level. In addition, the input to the 
terminal "Start" of the first timer 5 is inverted to a high level, and this makes the first timer 5 
start counting with a count value 04 (Hex). 

[0116] The overflow in the second timer 6 causes an interrupt request. On occurrence of 
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this interrupt request, a program as shown in a flow chart in Fig. 19 is executed. First, the 
values in the registers Reg8 to Reg 15 are set at 0A(Hex), the value in the register Reg 17 is set 
at "0," the value in the register Reg 18 is set at "0," the value in the register Reg20 is set at 
"1," the value in the register Reg21 is set at "0," the value in the register Reg24 is set at "0," 
the value in the register Reg25 is set at "1," the value in the register Reg26 is set at "0" (S701). 

[0117] Next, the address to which to make access is set in the output register 3. 
Specifically, write access is made to the address F0000004(Hex) (S702). Next, the value in 
the register Reg20 is set at "0" (S703). Next, the address to which to make access is set in 
the output register 3 (S704). 

[0118] As a result of these operations, in the second timer 6, with the value input to the 
terminals IN0 to IN7 kept at 0A(Hex), the input to the terminal "Reset" turns to a high level 
and then back to a low level. Thus, the second timer 6 is reset momentarily, so that its count 
value is set at OA(Hex). In addition, the output from the terminal "Overflow" of the second 
timer 6 is inverted to a low level, and this turns all the three inputs to the OR gate 701 of the 
logic circuit 7 to a low level. 

[0119] As the programs described above are executed, the count value Tl of the first 
timer 5, the count value T2 of the second timer 6, the values in the registers RegO to Reg7, the 
values in the registers Reg8 to Reg 15, and the external output signal EXT_OUT vary as 
shown in Fig. 20. Here, it is assumed that the first and second timers 5 and 6 operate on a 
clock signal having a frequency of 4 [MHz]. 

[0120] First, in the initial state where the program shown in Fig. 15 has just been executed, 
the external output signal EXT OUT is kept at a high level. Moreover, the first and second 
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timers 5 and 6 are in a reset state, with their count values set at 06(Hex) and 02(Hex) 
respectively. When the program shown in Fig. 17 is executed, as the letter "A" indicates in 
Fig. 20, the external output signal EXTOUT is inverted to a low level, and the first timer 5 
starts counting with a count value 06 (Hex). 

[0121] A period of 1 .5 [jas] thereafter, an overflow occurs in the first timer 5. Thus, the 
program shown in Fig. 1 8 is executed, and as a result, as the letter "B" indicates in Fig. 20, 
the external output signal EXTOUT is inverted to a high level. Moreover, the second timer 
6 starts counting with a count value 02(Hex). In addition, the first timer 5 is reset, and its 
count value is set at 04(Hex). 

[0122] A period of 0.5 [pis] thereafter, an overflow occurs in the second timer 6. Thus, 
the program shown in Fig. 19 is executed, and as a result, as the letter "C" indicates in Fig. 20, 
the external output signal EXT OUT is inverted to a low level. Moreover, the first timer 5 
starts counting with a count value 04(Hex). In addition, the second timer 6 is reset, and its 
count value is set at OA(Hex). 

[0123] A period of 1.0 [jis] thereafter, an overflow occurs in the first timer 5. Thus, the 
program shown in Fig. 1 8 is executed, and as a result, as the letter "D" indicates in Fig. 20, 
the external output signal EXT OUT is inverted to a high level. Moreover, the second timer 
6 starts counting with a count value OA(Hex). In addition, the first timer 5 is reset, and its 
count value is set at 04(Hex). 

[0124] A period of 2.5 [|as] thereafter, an overflow occurs in the second timer 6. Thus, 
the program shown in Fig. 19 is executed, and as a result, as the letter "E" indicates in Fig. 20, 



-32- 



the external output signal EXT_OUT is inverted to a low level. Moreover, the first timer 5 
starts counting with a count value 04(Hex). In addition, the second timer 6 is reset, and its 
count value is set at 0A(Hex). 

[0125] As described above, in the microcomputer of this embodiment, by interconnecting 
individual basic peripheral circuits (i.e. the first timer 5, the second timer 6, and the logic 
circuit 7) with the connecting circuit 4 through execution of a program, it is possible to 
produce pulses having the desired high and low periods as an external output signal 
EXTJ3UT. 

[0126] In this embodiment, as basic peripheral circuits are provided the first timer 5, the 
second timer 6, and the logic circuit 7. However, it is also possible to replace them with 
other general-purpose peripheral circuits, or add other peripheral circuits. Moreover, 
modifications are possible with respect to the number of the circuits that read/write data 
from/to the peripheral circuits, the bit length, the form of address mapping, etc. Moreover, 
modifications are possible also with respect to the method of selecting inputs/outputs to/from 
the peripheral circuits by the use of the connecting circuit, for example the number and 
proportion of input/output terminals combined, the form of address mapping, the bits set, etc. 
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